Objective Impaired glucose tolerance (IGT) and diabetic glucose tolerance (DGT) are closely associated with vascular disease mortality and morbidity. This study was designed to determine whether routine stroke rehabilitation training can be used to improve the glucose status and whether IGT and DGT persist among nondiabetic stroke patients at discharge after such training. Methods Eighty eligible subjects were evaluated using Oral Glucose Tolerance Tests (OGTTs) at entry and discharge at the rehabilitation medical departments of two large hospitals in China. Routine rehabilitation training was provided during hospitalization. The secondary outcome measurements were BMI, Fugl-Meyer motor score, Barthel index, HbA1c, triglycerides, HDL cholesterol and LDL cholesterol. Non-acute and nondiabetic stroke patients treated at the rehabilitation department. Results Fifty-four patients had IGT or DGT at entry, while 61 patients exhibited abnormal glucose tolerance at discharge, accounting for 67.7% and 76.25% of all subjects respectively. The mean 2-hour plasma glucose level was 8.98 mmol/L at entry and 9.11 mmol/L at discharge. No changes were noted in the OGTT results or secondary outcomes after training (p>0.05), with the exceptions of significant improvements in the Fugl-Meyer motor score and Barthel index (p<0.05). Conclusion These preliminary results suggest that IGT and DGT are present at a high frequency among nondiabetic stroke patients both before and after routine rehabilitation training. Routine stroke rehabilitation training, which greatly improves functional outcomes, may have no effect on the incidence of abnormal glucose tolerance.
Introduction
Abnormal glucose tolerance is closely associated with diabetes, stroke and heart attacks (1) (2) (3) . Previous studies have suggested that this condition may be predominant among stroke survivors (4, 5) . However, few studies have explored the effects of routine stroke rehabilitation training on the incidence of abnormal glucose tolerance. It is also unknown whether abnormal glucose tolerance is prevalent among stroke patients at discharge after rehabilitation training. This study was designed to explore the effects of routine stroke rehabilitation on the glucose tolerance status and the rate of impaired glucose tolerance (IGT) and diabetic glucose tolerance (DGT) among nondiabetic stroke patients at discharge after routine rehabilitation training. 
Materials and Methods

Participants
The subjects were recruited from the rehabilitation medicine departments of two large hospitals in China, both of which are comprehensive hospitals with large rehabilitation centers. The hospital ethics committees approved this study. The purpose, nature and potential risks of this trial were fully explained, and all subjects provided their written, informed consent prior to participation. The subjects were free to withdraw at anytime if they or their relatives requested discharge from the study. All participates received a medical screening examination by a physician at entry. The clinical features of the study population are demonstrated in Table 1 .
The participants were accepted into the study if they met the following criteria: a recent history of hemorrhage or ischemic stroke; at least two weeks after stroke onset; no history of physician-diagnosed diabetes mellitus according to their medical history and records in the acute unit; a fasting plasma glucose level less than 126 mg/dL (<7.0 mmol/ L); and an age over 40 years. Patients were excluded if they were currently taking oral corticosteroids or had an irreversible medical condition that precluded the use of rehabilitation training.
A comprehensive rehabilitation program was provided to all subjects during hospitalization. Oral Glucose Tolerance Tests (OGTTs) were conducted at both entry and discharge, and the patients were hospitalized for at least three weeks. If discharged prior to the three-week schedule, the patients were excluded from the final analysis. Ninety subjects were enrolled in this study, 10 of whom were discharged early; thus, a total of 80 patients were ultimately included. Among the 10 subjects excluded from the final analysis, seven were transferred to other departments or hospitals for medical reasons (three subjects were transferred to the cardiology department for treatment of heart failure, three subjects returned to the neurology department due to epilepsy and recurrent stroke and one subject was transferred to another hospital for management of deep vein thrombosis), while three patients withdrew from the rehabilitation training without providing an obvious reason. The average duration of hospitalization among the remaining 80 subjects was 39.2± 9.1 days.
Rehabilitation training
The rehabilitation training program included physiotherapy, occupational therapy, traditional Chinese manipulation, acupuncture, physical agent therapy and speech therapy. No high-intensity resistance or aerobic training was provided. At least two 40-minute physical training session, one 15-minute occupational training session, one 30-minute acupuncture or traditional Chinese manipulation session and one 30-minute session of physical agent therapy (primarily functional electrical stimulation to improve muscle strength) were completed each day.
OGTT testing
Standard 75-g OGTTs were conducted. The plasma glucose concentration was determined according to the glucose oxidation method. The plasma insulin level was measured using a commercial radioimmunoassay kit that does not cross-react with human proinsulin. The HOMA-IR (homeostasis model assessment-insulin resistance index) was calculated according to the following formula: [HOMA-IR=fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5]. IGT was defined as a 2-hour plasma glucose level of 7.8-11.0 mmol/L (140 to 199 mg/dL), and DGT was defined as a level of 11.1 mmol/L or greater (! 200 mg/dL).
Other outcomes
Data regarding clinical features, including age, sex, stroke type, stroke side, time interval since stroke, affected side and history of stroke, carotid stenosis, hypertension and abnormal serum lipid profiles, were collected. The secondary outcome measurements were BMI, Fugl-Meyer motor score, Barthel index, HbA1c, triglycerides, HDL cholesterol and LDL cholesterol.
Statistical analysis
The data were entered into the Statistical Package for the Social Sciences (SPSS) version 12. All data are expressed in terms of the mean and standard deviation. The paired t-test and chi-square test were first used to compare the OGTT re- 
Results
Fifty-four patients had IGT or DGT at entry, while 61 patients exhibited abnormal glucose tolerance at discharge, accounting for 67.6% and 75.25% of the total study population, respectively. The mean 2-hour plasma glucose level was 8.98 mmol/L at entry and 9.11 mmol/L at discharge. No subjects were diagnosed with impaired fasting glucose at entry or discharge. There were no changes in the frequency of abnormal glucose tolerance or the levels of fasting glucose, fasting insulin, HOMA-IR or 2-hour plasma glucose after rehabilitation training (p>0.05) ( Table 2) .
Sixteen subjects deteriorated (10 from NGT to IGT, two from NGT to DGT, four from IGT to DGT), while 12 subjects improved (five from IGT to NGT, seven from DGT to IGT) and 52 subjects remained stable with respect to the glucose tolerance status, accounting for 20%, 15% and 65% of all subjects respectively. Those who deteriorated in glucose status were more likely to suffer from recurrent stroke (p<0.05) ( Table 3) . No other differences in basic clinical or functional features were identified between the subjects who deteriorated, improved and remained stable with respect to the glucose tolerance status (p>0.05) ( Table 3) .
Routine rehabilitation also had no effect on the secondary outcomes measurements, including BMI, HbA1c, triglycerides, HDL cholesterol and LDL cholesterol (p>0.05), with the exception of significant improvements in the Fugl-Meyer motor score and Barthel index (p<0.05) ( Table 4 ).
More patients in the DGT subgroup than in the NGT subgroup had a history of carotid stenosis (p<0.05) ( Table 5) . No other differences were noted in the basic clinical or functional features between the three subgroups (p>0.05) ( Table 5 ). In addition, there were no changes in the OGTT results or secondary outcomes after rehabilitation training in any subgroup (p>0.05), with the exception of increases in the Fugl-Meyer motor score and Barthel index in all subjects (p<0.05) ( Table 6 ).
Discussion
The preliminary results of this study demonstrated that abnormal glucose tolerance is largely present among nondiabetic stroke survivors after routine rehabilitation training. The following clinical messages may be taken from these results. First, a large portion of nondiabetic stroke survivors may continue to exhibit glucose intolerance at discharge from the rehabilitation medicine department. Second, routine rehabilitation training, which greatly promotes a functional recovery, may have no effect on the glucose tolerance status. Lastly, aerobic and/or resistance training as well as comprehensive care targeting abnormal glucose tolerance should be included as regular components of stroke rehabilitation. Prior studies have explored the prevalence of abnormal glucose tolerance and hyperglycemia among stroke survivors. For example, more than 50% nondiabetic and ambulatory ischemic stroke survivors were diagnosed with glucose intolerance in the Kernan study (4). Furthermore, Ivey found that, among all stroke survivors, nearly 80% may be suffering from hyperglycemia (5) . Our study was unique as it focused on nondiabetic stroke patients both before and after rehabilitation training. Consequently, there were no changes in the status of glucose tolerance or hyperglycemia after training, regardless of the patient's basic glucose tolerance state. Abnormal glucose tolerance and hyperglycemia remain highly prevalent among stroke patients after routine rehabili-tation. These results provide additional support for the speculation that many nondiabetic stroke patients are glucose intolerant. In addition, no changes were observed in the fasting insulin levels or degree of insulin sensitivity expressed by the HOMA-IR and serum lipid profiles in this study. Collectively, routine stroke rehabilitation, which significantly enhances the motor function, may have no effect on risk factors for vascular disease.
Abnormal glucose tolerance may contribute to the development of atherosclerosis and increase the risk of recurrent stroke and other vascular morbidities (1-3, 6-8). Comprehensive efforts are thus needed to improve the glucose tolerance status during stroke rehabilitation. Aerobic and resistance training play an important role in improving insulin sensitivity and glucose tolerance (9) (10) (11) . However, motor function impairment limit its application among stroke survivors. It has been previously established that routine stroke rehabilitation training contains very few aerobic exercises (12, 13) . Recently, several pilot studies have suggested that highintensity aerobic or resistance training is feasible and efficacious in nondisabled stroke patients (14) (15) (16) . More investiga-tions are therefore needed to establish the application of aerobic and/or resistance training in stroke subjects with a wide spectrum of functional abilities. With respect to the patients in this study, aerobic and resistance training was recommended after discharge. In addition, providing comprehensive care, including strict control of energy intake and diabetes-related education, is also necessary.
The reasons for the high prevalence of abnormal glucose tolerance may vary. Abnormal glucose tolerance is closely associated with the incidence of stroke. Such conditions are often ignored among subjects with normal fasting glucose; therefore, it was difficult to ascertain whether the subjects in this study already had IGT or DGT prior to stroke onset. However, an inactive lifestyle after stroke may decrease insulin sensitivity and deteriorate a state of glucose tolerance (17) . Moreover, altered muscle characteristics on the affected side, such as muscular atrophy, increased fatty acid and TNF content in the muscle and a decreased percentage of type I muscle fibers, may interfere with insulin signaling and/or glucose intake and utilization. All of these pathological factors may contribute to the development of IGT or DGT in stroke patients (18) (19) (20) (21) . Prior studies have established that aerobic and/or resistance training is effective in improving muscular characteristics (22, 23) . However, its effects among stroke patients have not been fully investigated. Future trials should also explore the underlying molecular mechanisms of aerobic and/or resistance training in patients with hemiplegia due to stroke.
In addition, given the association between motor function impairment due to stroke and glucose tolerance, it can be assumed that improving the motor function with rehabilitation would lead to improvements in metabolic derangement. However, no such results were obtained in this study. With respect to improving the metabolic status, engaging in aerobic and resistance training of adequate intensity and duration is important. Furthermore, a much longer duration of exercise may be required to achieve benefits regarding the glucose tolerance status compared with motor function recovery; thus, long-term observation in future studies is also critical.
In the present study, we divided the subjects into subgroups of NGT, IGT and DGT in order to explore differences in the clinical parameters and the effects of routine rehabilitation training on each type of glucose tolerance state. As a result, no differences were found among the clinical or functional parameters, except for a history of carotid stenosis. Prior studies have indicated that the stroke size and type may be associated with glucose metabolism (24) . The small sample size used in this study may account for this discrepancy. The within-subgroup comparisons also showed no changes in the OGTT results or secondary outcomes after training in the NGT, IGT and DGT groups. These results strengthen the initial evidence showing that routine rehabilitation training has no effect on the glucose tolerance status.
There are several limitations to this study. First, the sample size was quite small, being determined based on the number of subjects enrolled. Second, training methods may differ according to individual needs. Although no highintensity aerobic or resistance training was provided in this study, the use of low-intensity aerobic and/or resistance exercise, such as ergometer training, may also have affected the results. Third, strict control of food intake was absent. Lastly, long-term observation after discharge is required.
In conclusion, our preliminary results suggest that IGT and DGT are largely present among nondiabetic stroke patients, both at entry and discharge from the rehabilitation department. Routine rehabilitation training, which greatly improves the motor function, may have no effect on abnormal glucose state. Our findings bring a new sense of urgency to the initiation of aerobic and resistance training as well as comprehensive care targeting abnormal glucose tolerance during stroke rehabilitation.
